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Fig.1 Vertical axis wind turbine used in the wind tunnel
experiment
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Abstract

We applied a wind acceleration device (wind-lens) to Vertical Axis Wind Turbines (VAWT), and examined
power augmentation effects by wind tunnel experiments. We have investigated the optimum parameters of the
wind-lens configuration. A wind-lens consists of a diffuser and brim. The increase in diffuser semi-open angle
makes it possible to generate higher power output over a wide range of tip speed ratios. There is an optimum
semi-open angle of diffuser. The inlet enhances power augmentation over a wide range of tip speed ratios. The
best location of a wind-lens in the streamwise direction is in the center of VAWT. The curved surface type
diffuser is more effective for power augmentation than flat panel type diffusers. The wind-lens demonstrates
power augmentation with a curved surface diffuser by a factor of about 2.1 compared with a bare wind turbine.
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Fig.2 Configuration of wind-lens
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Fig.3 Power coefficients Cp of various wind-lens turbines vs.
tip-speed ratio λ. (The diffuser length L=1.14D)

Fig.4 Power coefficients Cp of various wind-lens turbines vs.
tip-speed ratio λ. (The brim width h=0.5D)
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Fig.6 Power coefficients Cp of various wind-lens turbines vs.
tip-speed ratio λ.

(The diffuser length L=1.14D, the brim width h=0.5D,
the semi-open angle of diffuser =15 )

Fig.7 Maximum power coefficients Cpmax of various wind-
lens turbines vs. semi-open angle of diffuser .
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Fig.5 Effect of the inlet to power coefficient Cp.
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Fig.10 Comparison of power coefficients Cp of wind-lens
turbines between two blades and three blades.

(Wind-lens: L=1.14D, h=0.5D, =15 )
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Fig.11 Power coefficients Cp of wind turbines with various
thickness airfoil vs. tip-speed ratio λ.

(Wind-lens: L=1.14D, h=0.5D,φ=15 )
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Fig.8 Configuration of wind-lens with curved surface type 
diffuser.
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Fig.9 Power coefficients Cp of wind-lens turbines vs. tip-
speed ratio λ. 
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Fig.14 Comparison of power coefficients Cp of wind-lens
turbines with various Reynolds number.

( Airfoil      : NACA0018, symmetric 
Wind-lens : Curved surface type diffuser)

Fig.15 Comparison of power coefficients Cp of wind-lens
turbines with various Reynolds number.

( Airfoil : NACA0018, arc-shaped
Wind-lens : Curved surface type diffuser)
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Fig.12 Comparison of power coefficients Cp of wind-lens 
turbines with different chord length. 

(Wind-lens: L=1.14D, h=0.5D,φ=15 )
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Fig.13 Comparison of power coefficients Cp of wind-lens 
turbines with same solidity, and different blade 
number. (Wind-lens: L=1.14D, h=0.5D,φ=15 )
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